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(57)Abstract 

PROBLEM TO BE SOLVED: To discriminate a hard 
protective film on a magnetic material layer and to 
evaluate the film thickness and coating state by forming a 
crystalline coating on the protective film of a sliced sample 
for observation, forming the sample into a thin film and 
observing it with a transmission electron microscope. 
SOLUTION: Chips of a sample with an NiP plating layer 1, 
a nonmagnetic metallic underlayer 2, a Co-based magnetic 
material layer 3, a carbon type hard protective film 4, a 
lubricating layer 7 and a Pt film 5 laminated on an Al or 
glass substrate 8 are placed facing opposite to each other 
with the Pt films 5 inward and an epoxy resin is held 
between the chips. Since the hard protective film 4 and 
the lubricating layer 7 are different from the Pt film 5 in 
structure, difference in diffraction contract due to the 
occurrence of Bragg reflections of electron beams is 
produced, and the thickness measurement of the hard 
protective film 4 and the lubricative layer 7 and the 
evaluation of the coating state are made possible. Through 
either the crystalline coating is formed through sputtering or vacuum deposition, discrimination by 
the difference in diffraction contract is enabled. 
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* NOTICES * 

JPO and KCIPI axe not, responsible for any 
damages caused by ^e use of this 'translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The evaluation approach of the magnetic-recording medium characterized by observing 
with a transmission electron microscope after forming a crystalline coat on said protective coat of the 
sample for observation which started tiie hard protective coat which consists of magnetic-substance 
film and organic film on aluminum or a glass substrate in the evaluation approach of the magnetic- 
recording medium which carried out the laminating and thin-film-izing the sample for observation. 
[Claim 2] The evaluation approach of the magnetic-recording medium according to claim 1 
characterized by forming a crystalline coat with a spatter or vacuum deposition. 
[Claim 3] The evaluation approach of the magnetic-recording medium according to claim 1 
characterized by forming a metal membrane as a crystalline coat. 

[Claim 4] The evaluation approach of the magnetic-recording medium according to claim 3 
characterized by forming a metal membrane wifli a spatter, vacuum deposition, or plating. 
[Claim 5] claim 1 characterized by making thickness of a crystalline coat into the range of Inm - 
lOOnm thru/or either of 4 — alike — the evaluation approach of the magnetic-recording medium a 
publication. 

[Claim 6] The evaluation approach of the magnetic-recording medium according to claim 1 to 5 
characterized by irradiating one ion beam of an argon, a galUima, a xenon, and an iodine from a 
substrate side, and thin-film-izing the sample for observation. 

[Claim 7] The evaluation approach of the magnetic-recording medium according to claim 1 to 6 
characterized by preparing a crystalline coat on the fluid lubrication layer on a hard protective coat. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not, responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the evaluation approach of the protective coat on the 
magnetic layer using a transmission electron microscope especially about the evaluation approach of 
the magnetic-recording medium used for fixed magnetic-recording storage etc. 
[0002] 

[Description of the Prior Art] Drawing 3 is the sectional view of the typical example of the 
magnetic-recording medium carried in the hard disk equipment which is the external storage of 
information processors, such as KOMPYUTA. A magnetic-recording medixmi carries out laminating 
formation of the phosphorus-ized nickel (it is described as Following NiP) deposit 1, the 
nonmagnetic substrate metal layer 2, the magnetic layer 3 of a cobalt (it is described as Following 
Co) system, and the hard protective coat 4 of a carbon system on the alxmiinimi (it is described as 
Following aluminimi) substrate 8 (or there is also a thing of a glass substrate), and is usually 
presenting the structure which formed further the lubricating layer 7 which consists of a fluid 
lubrication agent of a carbon fluoride system at a it top. The nonmagnetic substrate metal layer 2, a 
magnetic layer 3, and the hard protective coat 5 are thin films with a thickness of about lOnm all 
formed by the spatter. 

[0003] In recent years, **** better ** divides [ high recording density-ization of a magnetic- 
recording mediimi ] roughly into it, and there are two directions, one — a magnetic layer — high — 
coercive force ~ it is-izing and another aimed at approach between the reduction in a noise, and a 
head medium — low — **** ~ it is-izing. As the concrete approach of a raise in flie coercive force of 
a magnetic layer, rationalization of a magnetic-substance ingredient, rationahzation of a substrate 
metal layer ingredient, and rationaU2:ation of the thickness of each class are effective, and thin film- 
ization of the protective coat on a magnetic layer etc. is mentioned about the reduction in surfacing. 
[0004] make it any — in order to evaluate these magnetic layers and protective coats of a magnetic- 
recording medium, structural analysis by the transmission electron microscope (it omits Following 
TEM) a flat surface and fi-om a cross section is effective. The ion milling method is used as the most 
general production approach of the thin film sample for TEM. The ion milling method is the 
approach of thin-film-izing solid matter using the sputtering phenomenon by inactive gas ion. The 
inert gas of a minute amount is ionized between an anode and a cathode, and it accelerates, and 
considers as an ion beam, the sample under a vacuum is irradiated, and thin film-ization is 
performed. For example, general ion milling conditions are acceleration voltage:2-8kV and ion 
current:5-200microA and illimiinating-angle:2-lS degree, using an argon (it being described as 
Following Ar) as inert gas. 

[0005] Drawing 4 (1) - (6) is the explanatory view having shown the thin fihn chemically-modified 
[ of the sample for observation of the magnetic-recording medium which used the ion milling 
method ] degree. 

(1) Logging : start the sample used as the candidate for observation in predetermined size (for 
example, 6mmx2mm). 

(2) heating sticking-by-pressure: — a two samples measiu"ement-side — facing each other — carrying 
out — for example, an epoxy resin — lamination — make it harden Hardening conditions are 130 
degrees C and 30 minutes. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/1 5/2005 



JP,2000-020949,A [DETAILED DESCRIPTION] 



Page 2 of 4 



(3) Pipe enclosure : insert in a cylinder-like pipe for reinforcement and exfoliation prevention, and 
embed with an epoxy resin. Hardening conditions are 130 degrees C and 30 minutes. 

(4) Cutting : a low-speed cutting machine cuts in thickness of 300-400 micrometers. 

(5) Polish : grind a front face to a mirror plane and grind finishing and a rear face in the shape of (30 
micrometers or less of cores, 80 micrometers or less of peripheries) a dimple. 

(6) Ion milling : from both sides, irradiate ion beams, such as Ar, and thin-fibn-ize them. If a beam is 
irradiated from the substrate side by which a spatter cannot be carried out easily at this time, the 
spatter of the protective coat side which a spatter is easy to be carried out will not be carried out too 
much. Rotating a sample, the ion beam which was synchronized with the rotation and modulated can 
be irradiated, and it can irradiate from a substrate side. The arrow head of a right-hand side drawing 
top shows the ion beam by the side of a dimple, and the lower arrow head shows the ion beam by the 
side of a flat side. 

[0006] Drawing 5 is the block diagram of the sample for observation of the magnetic-recording 
medium thin-film-ized using the ion milling method. On the alxmiinum substrate 8, the test piece 
which carried out the laminating of the NiP deposit 1, the substrate metal layer 2 of Cr, the magnetic 
layer 3 of Co system, the hard protective coat 4 of a carbon system, and the lubricating layer 7 
opposes a lubricating layer 7 side, and is arranged, and epoxy system resin 6 is inserted into between 
them. 
[0007] 

[Problem(s) to be Solved by the Invention] Drawing 6 is the about 300,000 times as many TEM 
photograph which photoed the sample of drawing 5 by TEM as this. Although discernment of each 
class is possible about the substrate metal layer 2 on the NiP deposit 1, and Co system magnetic 
layer 3, the hard protective coat and lubricating layer which must be on a magnetic layer 3 do not 
have the difference in diffraction contrast with the epoxy resin 6 used at the adhesion process, and 
cannot be identifying the interface. Therefore, evaluation of the thickness of a hard protective coat 
and a lubricating layer etc. cannot be performed. This is because a hard protective coat is amorphous, 
and the epoxy resin 6 used for adhesion is the same and amorphous. 

[0008] In this invention, it aims at offer of the evaluation approach that evaluation of thickness etc. is 
attained also in a hard protective coat using each metal layer on a NiP deposit, and a transmission 
electron microscope, by discriminating the hard protective coat on a magnetic-recording mediimi 
magnetic layer from the epoxy resin for sample adhesion etc. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, after this 
invention's forming a crystalline coat on said protective coat of the sample for observation which 
started the hard protective coat which consists of magnetic-substance film and organic film on 
aluminimi or a glass substrate in the evaluation approach of the magnetic-recording medium which 
carried out the laminating and thin-film-izing the sample for observation, it shall observe with a 
transmission electron microscope. 

[0010] When preparing the film which has the crystal structure on the hard protective coat of a 
magnetic-recording medium and it observes using TEM, with the crystal structure which starts Bragg 
reflection according to the difference in the diffraction contrast of an electron ray, and the 
amorphous structure where Bragg reflection is not started, contrast differs and it becomes 
discriminable from the epoxy system adhesion resin which is the same amorphous structure as a hard 
protective coat. 

[001 1] A crystalline coat shall be formed with a spatter or vacuum deposition. Even if it forms 
membranes by which approach of a spatter and vacuum deposition, the above contrast will be 
acquired if it is the crystalline film. A metal membrane can also be formed as a crystalline coat. A 
metal membrane can be formed with both a spatter vacuum deposition and plating, and formation of 
the crystalline film is easy for it. 

[0012] It is good to make thickness of a crystalline coat into the range of Inm - lOOnm. When the 
thickness of the film prepared on a hard protective coat is thinner than Inm, distinction by TEM is 
difficult. Since the thickness of the glue line of a sample made to rival becomes thick, and thin film- 
ization of each class containing a protective coat will become difficult on the other hand in order that 
the ion beam currently irradiated froni the substrate side may delete the measuring plane of the 
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opposite side if the film thicker than lOOnm is formed, Imn - lOOmn thickness is suitable. 
[0013] From a substrate side, one ion beam of an argon, a galhimi, a xenon, and an iodine shall be 
irradiated, and shall be thin-fihn-ized. Any ion beam of an argon, a gallium, a xenon, and an iodine 
is possible for ion milling, and should.just choose a suitable ion beam according to a sample. It may 
have a lubricating layer on a hard protective coat. 

[0014] What has a lubricating layer on a hard protective coat can estimate each of a hard protective 
coat and a lubricating layer by comparing with the sample which does not have a fluid lubrication 
layer, although they cannot be distinguished. 
[0015] 

[Embodiment of the Invention] This invention tends to prepare the thin film of wrap crystallinity for 
the hard protective coat on the magnetic-substance film of a magnetic-recording medium, and tends 
to clarify the interface of a hard protCQtive coat and its film in observation by the transmission 
electron microscope. An example is hung up over below and the gestalt of operation of this invention 
is explained. 

[0016] [Example 1] The production appro£ich of the eveduation sample of the magnetic-recording 
mediimi concerning the approach of this invention is explained first. The magnetic-recording 
medium made into the sample is the thing of the same configuration as drawing 3 . On the alimiinum 
substrate 8, by electroless deposition Namely, after forming the NiP plating layer 1(10 micrometers 
in thickness). The nonmagnetic substrate metal layer 2 (30nm in thickness) of chromium (it is 
described as Following Cr), The magnetic layer 3 (15nm in thickness) which consists of a Col7Cr4 
Ta3 Pt alloy. Laminating formation of the hard protective coat 4 (8nm in thickness) which consists 
of diamond-like amorphous carbon is carried out by the magnetron sputtering method one by one, 
and further, 2nm of fluid lubrication agents of a carbon fluoride system is applied on the hard 
protective coat 4, and it is considering as the lubricating layer 7. 

[0017] From the magnetic-recording medium, two samples of abbreviation 6mmx2mm magnitude 
were started like drawing 4 (1). On the lubricating layer 7 of the started sample, the spatter covered 
the platinimi (it is described as Following Pt) film 5 7nm in thickness (by current value of 6mA). 
After that, the TEM observation sample was produced through the same process as drawing 4 (2) - 
(6). That is, after doubling the Pt film 5 sides and pasting up and hardening with the 2 liquid type 
epoxy resin 6, it put into the brass pipe with a height [ of 5mm ], and a diameter of 3mm which 
pierced the with a width-of-face height [ 1 .7mm height of 2mm ] aperture on the top face, and was 
made to enclose and harden with an epoxy resin 6. The low-speed cutting machine cut in thickness 
of 300 micrometers, and dimple processing of the fi'ont face was carried out in the mirror plane so 
that 25 micrometers or less and periphery section thickness might be set to 80 micrometers or less by 
main thickness in a rear face. Furthermore, the ion beam of Ar gas ion was irradiated from the 
substrate side to both sides of a sample with ion etching equipment, the acceleration voltage ion 
irradiation include angle of 3kV was performed for rough shaving at the acceleration voltage of 5kV, 
and four ion irradiation include angles, and the last polish was performed at 3 times. The spatter of 
the hard protective coat 4 side which a spatter is easy to be carried out was made not to be carried 
out by irradiating a beam fi-om the aluminum substrate 8 side by which a spatter cannot be carried 
out easily too much. By TEM of number 100,000V classes also being able to penetrate an electron, 
and making a hole in an observation part, since clearly observable thickness is about lOOimi, the 
field of the thickness not more than lOOnm or it is formed in the perimeter of a hole, and, usually it 
enables it to observe clearly. 

[0018] Drawing 2 is the block diagrarii of the magnetic-recording medixmi sample thin-film-ized 
using the ion milling method. On the eduminum substrate 8, the test piece which carried out the 
laminating of the NiP plating layer 1, the nonmagnetic substrate layer 2, the magnetic layer 3 of Co 
system, the carbon system hard protective coat 4, a lubricating layer 7, and the Pt film 5 opposes the 
Pt film 5 side, and is arranged, and epoxy system resin 6 is inserted into between them. A part [ to 
observe ] side is opposed and it arranges for making [ many ] the thin part which was suitable for 
observation with ion milling. 

[0019] Drawing 1 is the about 300,000 times as many TEM photograph which photoed the sample of 
drawing 2 by TEM as this. Another magnetic-recording medium which was opposed and has been 
arranged is not reflected. Since structures differ, the difference in the diffraction contrast by the 
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existence of the Bragg reflection of an electron ray has produced the hard protective coat 4, and a 
lubricating layer 7 and the Pt film 5 prepared on it. For this reason, it is possible to identify both 
interface clearly and evaluation of the thickness measurement of the hard protective coat 4 and a 
lubricating layer 7, a covering situation, etc. was attained. By this sample, the thickness of the hard 
protective coat 4 and a lubricating layer 7 is about lOnm, and it turns out that the magnetic layer 3 is 
covered to homogeneity. 

[0020] Although this photograph edone will not enable you it, the distinction with the hard protective 
coat 4 and a lubricating layer 7 is possible if a sample without a lubricating layer 7 is produced and 
observed. 

The magnetic-recording medium used as the carbon film (3nm in thickness) which deposited the 
hard protective coat 4 of [example 2] drawing 2 with the CVD method using methane was produced, 
the sample for observation was prepared by having set the ion gas of ion milUng to Xe, and TEM 
observation was performed. 

[0021] The interface of a hard protective coat and Pt film prepared on it could be clearly identified 
according to the difference in contrast as well as an example 1, and was observed still more clearly 
than the case evaluations, such as thickness of a protective layer, were not only attained, but where 
each class of the metal membrane on a NiP deposit is an example 1. Since the ionic radius of Xe is 
larger than that of Ar, the damage by placing of the sputtering ion to the metal membrane on a NiP 
layer depends this on it having been few. 

[0022] Although distinction with a hard protective coat and a lubricating layer cannot be performed 
only with the photograph of the sample of a piece in this case, it is possible if a sample without a 
lubricating layer is produced and observed. 

The magnetic-recording mediimi which used the hard protective coat 4 of [example 3] drawing 2 as 
the diamond- like amorphous carbon film (8nm in thickness) which did 12 atom % addition of 
nitrogen was produced, the sample for observation was prepared to the thin film chemically- 
modified [ the / as an example 1 / same ] degree, and TEM observation was performed. 
[0023] Even when an alloying element was in a hard protective coat, the interface with Pt film 
prepared on it can be clearly identified according to the difference in contrast, and the evaluation of 
the thickness of a protective coat etc. of it was attained. 

The magnetic-recording medium which used the substrate 8 of [example 4] drawing 2 as tempered 
glass was produced, the sample for observation which put lOnm of Au film by vacuum evaporationo 
was prepared instead of the Pt film 5, and TEM observation was performed. The hard protective coat 
4 is diamond-like amorphous carbon film (Snm in thickness). 

[0024] The interface of a hard protective coat and Au vacuum evaporationo film prepared on it can 
be clearly identified according to the difference in contrast, and the evaluation of the thickness of a 
protective coat etc. of it was attained. Therefore, any of the spatter film and the vacuum evaporationo 
film are sufficient. Or the film formed with wet plating is sufficient. Moreover, although only the 
example in which the metal membrane of Pt and Au was formed was given, it is not necessary to be 
necessarily a metal membrane for example, and the difference in contrast also produces a compound 
crystal like a sodium chloride. 
[0025] 

[Effect of the Invention] In the evaluation approach of the magnetic-recording mediimi which carried 
out the laminating of the hard protective coat which consists of magnetic-substance film and organic 
film on alimiinum or a glass substrate according to this invention as explained above A crystalline 
coat with a spatter, vacuum deposition, or plating on said protective coat of the started sample for 
observation by formation ****** Not only the metal layer and magnetic layer on a substrate but the 
hard protective coat on a magnetic layer could be identified by the observation using a transmission 
electron microscope, and evaluation of the conventionally imknown thickness, a covering situation, 
etc. was attained. 

[0026] Therefore, this invention makes a big contribution to the improvement in a property of a raise 
in the recording density of a magnetic-recording medium etc. 



[Translation done.] 
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♦NOTICES* 

JPO and NCIPI az'e no^ responsible for any 
damages caused by the use o£ this t:2:anslatlon. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1 ] . . 
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[Drawing 2] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 6] 
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